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A proposed progenitor cell for basal cell carcinoma is a stem 
cell located in the bulge of the hair follicle . Previous investi-
gations have shown that basal cell carcinoma has a specific 
stroma requirement for its growth. Likewise the develop-
ment of a normal hair follicle requires the inductive force of a 
specialized structure with condensed mesenchyme that 
eventually forms the dermal hair papilla. Investigations in 
mouse embryos also strongly indicate that induction/ growth 
of skin structures is dependent on platelet-derived growth 
factor (PDGF) a-receptor expression in the mesenchyme. 
We therefore investigated the expression of PDGF A and B 
chain and PDGF a and fJ receptors in basal cell carcinoma and 
in normal skin by immunohistochemistry and in situ hybrid-
Basal cell carcinoma (BCe) seems to have a specific and important interaction with its mesenchymal stroma. Microscopy will disclose the presence of a well-defined zone of fibroblasts around the tumor cells, with rich production of collagen especially in the morphea type 
ofBCC [1-4]. In an illuminating study of human autologous trans-
plants of BCC, van Scott showed that BCC could only grow in 
upper corium. Regression took place upon implantation in lower 
corium or subcutis [5]. This demonstrates a remarkably stringent 
requirement of a specific stroma for BCe. This demand could ex-
plain the curious absence of metastases from this in other respects 
malignant tumor, as well as its dependence on stromal factors in 
vitro [6] . 
Few molecular studies have been performed to identify potential 
participants in this stromal-epithelial interplay in BCC [7,8]. The 
attraction of such an analysis is enhanced by the possibility of com-
parisons to hair follicle development [9,10]. Morphologic observa-
tions strongly indicate that BCC arises from a cell lineage related to 
normal hair follicle development [11]. The developmental biology 
of hair formation has recently attracted renewed attention. Evi-
dence of a specific and essential interaction between mesenchyme 
and epithelium is rapidly accumulating [12]. We wanted to find out 
whether events during hair formation are reflected in the peculiar 
interrelations observed or hinted at in BCe. 
Platelet-derived growth factor (PDGF) has over the years become 
one of the most extensively investigated prototypes for control of 
multiplication and differentiation of mesenchymal elements [13] . 
An "appositional" expression of PDGF and its receptors in epithe-
lial/stromal tissues has been shown during normal embryonic de-
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ization. a and fJ receptors were found in the specific stroma 
components of basal cell carcinoma, dermal hair papilla, and 
sweat glands, but not in the epithelial structures. The A and B 
chains, on the other hand, were mainly found in basal cell 
carcinoma cells, in hair matrix, and in sweat gland epithe-
lium. This "appositional" expression of PDGF/PDGF re-
ceptor closely resembles that found in epithelial/mesenchy-
mal structures during normal development. The findings 
also suggest that PDGF receptor expression is one of the 
characteristics of the specific stroma that is necessary for basal 
cell carcinoma growth. Key words: basal cell carcinoma/platelet-
derivedgrowthfactor.} Invest DermatoI102:304-309, 1994 
velopment, including skin and hair development [14]. PDGF has 
also been shown to be directly responsible for induction of stroma in 
an experimental system [15]. In this first study of stromal-mesen-
chymal interaction in BCC, we concentrated entirely on PDGF. 
MATERIALS AND METHODS 
Tissues Fresh tumor tissue was obtained from the Department of Plastic 
Surgery at the University Hospital of Uppsala. Samples were cut, snap 
frozen, and sectioned. Cryostat sections were fixed in acetone and frozen at 
-70· C until staining. Paral1el sections were stained with hematoxylin-eosin 
for diagnosis. Twenty-six different basal cel1 carcinomas (BCe) were in-
cluded (five morphea-type, seven intermediate, five nodular, and nine su-
perficial) [4). 
Immunohistochemistry Immunohistochemistry was performed di-
rectly on cryostat sections essential1y as described [16). Acetone-fixed sec-
tions were treated with 0.3% hydrogen peroxide for 30 min to exhaust 
endogenous peroxidase activity. Avidin/biotin blocking solution (Vector 
Laboratories, Burlingame, CAl and 0.1 % bovine serum albumin (BSA) or 
2% normal horse or 10% normal goat serum were used to prevent non-
specific reactions. 
Slides were incubated at 4'C overnight with the primary antibody. 
Monoclonal antibody P~F 007 (1 : 1000) [17) and 6Dll MoAb (1: 500)[18) 
were used for Visualization of PDGF, a monoclonal antibody PDGFR-B2 
(1: .1000) for the PDGF preceptor [19), and a polyclonal affinity-purified 
an,tlserum PDGFR-7 (1 : 100) for the PDGF a receptor [20) . After washing 
With phosphate-buffered salllle (PBS), the slides were incubated at room 
temperature for 30 min with biotinylated horse anti-mouse immunoglobu-
lin (Ig)G or goat anti-rabbit IgG as secondary antibody. The immunoreac-
tion was detected by avidin/biotin complex (Vector or Dakopatts) with 
0.04% hydrogen peroxide as substrate and 3-amino-9-ethylcarbazole as a 
chromogen. Hematoxylin-eosin was used for counterstaining. Photographs 
were taken in a Zeiss, Axioskop microscope using a Sony DXC-M2 video-
camera connected to Sony color videoprinter system. 
111 Situ Hybridization Twelve cases were examined (five morphea-type, 
two intermediate, two nodular, and three superficial). I" sitll hybridization 
was performed essentially as described [16,21,22). Routine formalin-fixed 
paraffin-embedded sections were dewaxed and digested with 0.1 mg/ml 
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Figure 1. Immunohistochemistry with antibodies to PDGF receptors and PDGF shows PDGF receptors in the Bee stroma and PDGF mainly in Bee cells 
as well as in normal hair follicle epithelium. PDGF a receptor staining of normal.s~in sh<;>ws a ~ew I'0sitive cells in the papillary derrnis (A) whereas in Bee, 
positive staining is found on most mesenchymal cells in the tumor stroma (B) . Stau:ung wIth. antl?odles to the PDGF preceptor shows a similar pattern (e,D). 
High magnification of a normal anagen hairbulb visualizes strong positive statnmg of epIthelIal cells in the matrix area (E). Bee stained with the same 
antibody (PGF 007) shows positive staining in Bee cells (F). Staining with antibody PGF 007 was blocked by preincubation with PDGF BB (not shown). 
Staining of tissue sections without addition of any primary antibody gave completely negative resu lts . Transfected cells used as positive controls showed 
reactivity with the respective antibodies, whereas untrallSfected cells were negative or weakly positive (not shown). A - E) bar, 30 nun; F) bar, 100 mm. 
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Figure 2. III situ hybridization visualizing PDGF a receptor and PDGF A mRNAs in normal skin and in BCC. PDGF a receptor was seen in dermal hair 
papilla cells and in the BCC stroma cells whereas PDGF A was seen mainly in epithelial cells of epidermis, hair follicles, and BCC cells. In normal skin the 
PDGF a receptor probe labeled some mesenchymal celJs in papillary dermis (A, B) and was strong in dermal hair papilla cells (D). In BCC PDGF a 
receptor-positive cells are seen in the stroma adjacent to tu.mor cells (E). In normal skin the PDGF A probe: shows low labeling in epider.mal keratinocytes (C) 
and higher Signals 111 epithelial cells of the anagen hau follicle (F). In BCC, PDGF A probe shows labeling Ul the tumor cells and III occasIOnal stroma cells (G). 
In sitll hybridizations with PDGF preceptor and PDGF B probe show a similar pattern of expression as PDGF a receptor and PDGF A in normal skin as well as 
in BCC (not shown). A,C-G) bar, 30 mm; B) bar, 14 mm. 
proteinase K (Sigma Chemicals, Inc., St. Louis, MO). 35S-labeled RNA 
probes were synthesized ill vitro ftom plasmids containing the following 
human cDNAs: 1.5-kilobase (kb) Eco RI-Pst I fragment of a PDGF a recep-
tor cDNA [20], 1-kbPst I fragment of a cDNA corresponding to the external 
domain of the PDGF preceptor [23], 1.3-kb Eco RI fragment of cDNA for 
PDGF A chain [24], and 2-kb Bam HI fragment of a PDGF B chain cDNA 
[25], all subcloned in pGEM-3Z vector [16]. Exposure time was 2 weeks and 
Mayers hematoxylin-eosin was used for counterstaining. Photographs were 
taken in a Zeiss, Axioskop microscope using a Sony DXC-M2 videocamera 
connected to Sony videoprinter system. 
Controls 35S-labeled RNA probes transcribed from the pGEM-3Z vector 
without any insert were used to estimate background signalling. Pretreat-
ment with RNase A of tissue slides and omission of probe hybridization 
served as additional negative controls. All tissue sections were checked for 
presence of cellular mRNA by hybridization with the human p actin RNA 
probe transcribed from a 1.9-kb Bam HI eDNA fragment inserted in a pSP65 
vector. As control cells for specific hybridization signals, we used porcine 
aorta endothelial (PAE) celJs transfected with PDGF a or p receptor con-
structs (kindly ptovided by Dr. L. Claesson-Welsh and Dr. A. Eriksson at the 
Ludwig Institute for Cancer Research BMC, Uppsala, Sweden) and Chinese 
hamster ovary (CHO) cells transfected with PDGF A or B chain constucts 
(kindly provided by Dr. A. Ostman at the same institute). These controls 
showed that there was no cross-hybridization between the PDGF a and p 
receptor probes or between the PDGF A and B chain probes. 
RESULTS 
PDGF Receptors Immunohistochemistry in normal skin 
showed only weak staining with the anti-PDGF P receptor anti-
body and the anti-PDGF IX receptor antiserum. Positive staining 
was seen in scattered cells of the papillary dermis (Fig lA, C), around 
hair follicles and in cells of the sweat gland stroma (data not shown). 
In BCC there was a positive staining of the fibroblastic stroma cells 
surrounding the BCC nests. This pattern was seen both with the 
anti-PDGF P receptor antibody and the anti-PDGF IX receptor 
antiserum (Fig 1B,D). There was no staining of epithelial cells. 
High ill situ hybridization signals with the PDGF receptor probes 
were seen in the normal skin only in the cells of the dermal hair 
papilla and cells of the stroma surrounding sweat gland coils. Espe-
cially the cells of the dermal hair papilla showed a strong hybridiza-
tion with the IX receptor probe (Fig 2D) and a somewhat weaker 
reaction with the P receptor probe (not shown). The sweat gland 
stroma cells seemed to be equally positive for both receptors (Fig 
3A,B). Scattered positive cells of unidentified nature, but with a 
mesenchymal phenotype, were seen in a close sub-epidermal posi-
tion (Fig 2A,B) and in the loose connective tissue surrounding hair 
follicles. In BCC ill situ hybridization showed a similar general 
pattern as the immunohistochemistry. A high proportion of cells in 
the specialized stroma surrounding BCC cells expressed PDGF IX 
and preceptor mRNA (Fig 2E and not shown). There was no clear 
difference between the pattern of hybridization with the two recep-
tor probes. The positive cells showed a fibroblastic phenotype and 
were mostly localized adjacent to the BCC nests. Receptor-positive 
cells were also seen in and around the walls of newly formed capil-
laries. We found no obvious difference in the different histologic 
types of BCC and there was no hybridization of the receptor probes 
to the RNA of basalioma cells. 
PDGF Immunohistochemistry using antibodies PGF 007 and 
6D11 MoAb stained normal skin and the epidermis adjacent to and 
overlying the BCe. Strongly staining cells were seen with the dis-
tribution and morphology of Langerhans cells, whereas keratino-
cytes were only weakly positive (not shown). Large amounts of 
PDGF in epithelial cells were only visualized in the germinative 
cells of the hair matrix region (Fig 1E). In BCC, the epithelial 
tumor cells showed an uneven staining with negative or very weak 
reactions in the upper parts and stronger staining in the deeper parts 
of the tumor when the PGF 007 antibody was used (Fig 1F). Scat-
tered cells like the ones in epidermis (see above), with much 
stronger staining than in keratinocytes, were found in the tumor cell 
nests (not shown). A few positive cells were seen in the stroma 
around the tumor. The PGF 007 staining was to a large part inhib-
ited by preincubation of the antibodies with human recombinant 
PDGF BB (not shown), which assures that the staining specifically 
visualized PDGF in the tissues. 
II! situ hybridization showed that PDGF A mRNA was present in 
hair epithelia, mainly in the cells adjacent to the dermal hair papilla 
(Fig 2F) and in sweat gland coils, where hybridization was seen both 
in stroma and epithelial cells of the sweat glands (Fig 3C). Weakly 
labeled cells were also seen in the epidermis without any obvious 
concentration on Langerhans cells (Fig 2C). Labeling was found in 
smooth muscle cells of the vessel walls (not shown). PDGF B 
mRNA followed the same pattern as PDGF A but with generally 
weaker signals (not shown and [30]). In BCC, PDGF A mRNA was 
found mainly in the BCC cells, where it was evenly dispersed (Fig 
2G). Overlying normal epidermis and the surrounding hair follicles 
were labeled as described above. In the stroma, a few positive cells 
could be detected, at least in part representing vascular or perivascu-
lar cells (not shown). PDGF B mRNA was more inconspicuous and 
a weak reaction was seen with the same distribution pattern as for 
PDGF A (not shown). 
The results of the irl situ hybridization and immunohistochemis-
try are summarized in Table I. The patterns of immunoreactivity for 
the two types ofPDGF receptors were virtually identical to those of 
their respective mRNA~. Receptors were not found in the epithe-
lium, but were predoml11antly present in the specific stroma com-
ponents ofBCC nests, dermal hair papillae, and sweat glands. The A 
and B chains of PDGF followed the same basic pattern, i.e., con-
comitant expression in hair root, sweat gland, and BCC epithelium. 
Thus, the PDGF/PDGF receptor system was identically expressed 
in BCC, ha.ir follicles, and sweat glands. Normal epidermis and its 
loose subepidermal stroma showed a similar pattern, but with more 
dispersed mesenchymal cells and weaker signals. 
DISCUSSION 
The epithelial cells of the BCC synthesized both A and B chains of 
the PDGF molecule as evidenced by the presence of their respective 
mRNAs. Signals for rhe A chain were generally somewhat stronger, 
but we do not know if this reflects technical factors or if there is, 
indeed, relative overproduction of A message. Receptors for PDGF 
were absent in the epithelial cells themselves. The locally closest 
PDGF receptors were found in small patches of fibroblast-like cells 
in the stroma immediately apposed to the BCC cells. The receptors 
were of both IX and P type. The prerequisites are thus present for 
local stimulation by the BCC cells ofloca! stroma fibroblasts, which 
in turn may be essential for the epithelial cells in maintaining their 
status as undifferentiated multiplying elements. 
The scheme outlined above seems to be a general one, possibly 
essential for growth ofBCC, because the same pattern was found in 
all cases of BCC including some very small tumor nests apparently 
at a very early stage of their development. 
The "appositional expression" ofPDGF and PDGF receptors in 
tumor and stromal cells has previously been noted in human glio-




Figure 3. If! sitll hybridization visualizing PDGF mainly in epithelial cells and PDGF receptors in stroma cells of normal adult sweat glands. Labeling is 
present both with the PDGF a receptor (A) and with the PDGF P receptor probe (B) in stromal cells lying i~mediately adjacent to the sweat gland epithelium. 
Hybridization with PDGF A and B probes shows labeling in sweat gland epithelial cells and to some extent In sweat gland stroma cells (C andD, respectively). 
Bar, 14 mm. 
mas [16] and mammary carcinomas.· The increased expression of 
PDGF receptors in the stroma of epithelial tumors seems to be a 
general phenomenon [26,27]. "Appositional expression" has also 
been described as a general phenomenon occurring during normal 
development where inductive events take place [14,28,29]. 
It was of special interest to compare the pattern of expression in 
BCC with that in developing hair follicles. The finding was a strik-
ing resemblance between the PDGF and PDGF receptor patterns 
when hair epithelium and its dermal papilla stroma were compared 
to nests of BCC and their connective tissue stroma. Both epithe-
lium/stromal systems showed synthesis ofPDGF and the presence 
of specific receptors both after immunohistochemistry and in situ 
hybridization for specific mRNAs. This provides strong evidence 
for a close cell biologic relation between the hair follicle appara-
tus and BCe. The same pattern of PDGF and PDGF receptor ex-
pression was seen in the epithelial/stromal components of 
the sweat glands. The functional significance of this finding is 
unknown. 
Cancer stroma has generally been r~garded as a "non-specific" 
feature of malignant neoplasia. The presence of mesenchyme in 
epithelial cancer is necessary for the viability of the cancer cells. 
This has generally been conceived of as a passive effect of blood 
• Ren Z, Aurivillius M, Funa K, Lindgren A, Ponten J, Nister M, Valver-
ius EM: Expression of the PDGF receptors and ligands in human breast 
cancer indicates a paracrine function (manuscript in preparation). 
supply. In BCC the interaction between stroma and epithelium 
seems much more specific, as it closely mimics the conditions of the 
corresponding normal system-the hair follicle-at least with re-
gard to PDGF. 
Interestingly, we found that spots in the upper part of the corium 
in normal skin contained mesenchymal cells with PDGF receptor 
expression. PDGF receptor expression might therefore be one of 
the necessary characteristics of a BCC-permissive stroma. Possibly 
such stroma could indicate the sites at which BCC can arise outside 
of hair follicles. 
These findings suggest that basal cell carcinoma does not arise 
because of a disturbance of the para- (and autocrine?) functions of 
PDGF. The primary lesion(s) that make it possible for BCC cells to 
behave neoplastic ally are still unknown. The consistent findings of 
PDGF production by BCC and the presence of cognate stroma 
receptors in a large series of BCC representing all known morpho-
logic types, however, imply that the growth of BCC could be de-
pendent on the PDGF/PDGF receptor interplay. Studies on mouse 
embryos homozygous for a deletion of the PDGF a receptor gene 
strongly imply that induction/growth of skin structures is depen-
dent on PDGF a receptor expression [28,29]. PDGF is also involved 
in the healing of skin wounds [30-32]. A prediction would be that 
interruption of the paracrine PDGF interrelation would lead to 
regression of BCe. 
The finding of a close relationship between the control of 
growth and differentiation in hair follicles and BCC opens up pos-
sibilities of understanding fundamental features of neoplasia as 
well as analyzing aspects of normal hair and skin develop-
ment. 
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Table I. PDGF in Skin and Basal Cell Carcinoma' 
Normal Skin Sweat Glands BCC 
Dermal Hair 
PDGF Epidermis Papillary Dermis Hair Epithelium Papilla Cells Epithelial Cells Stroma Cells BCC Cells Stroma Cells 
a receptor (+) 
preceptor (+) 
A chain + ++ 















• Overview of results obtained by immunohistochemistry and i" situ hybridization pointing out the virtually identical pattern ofPDGF /PDGF receptor expression found in normal 
hair follicles and BCe. 
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